The genera of sixty-three bacterial strains isolated from bovine rumen contents were determined according to the identification schemes of Hungate, and Bergey's Manual of Determinative Bacteriology (8th Ed.). Then, the cellular fatty acid and aldehyde composition of all these organisms was analyzed by gas-liquid chromatography, gas chromatography-mass spectrometry, and mass fragmentography. The distinctive features of these organisms were presented. Succinivibrio contained 18: 1 (w-7), 16: 0, 14:0,16: 1, and 3-OH-14: 0 as the most abundant fatty acids. Lachnospira contained 18: 0, 16: 0, and 18: 1 (w-7) as the most abundant acids. Anteiso-l5: 0 and 15: 0 were the most abundant acids in Bacteroides. Iso-16: 0, anteiso-17: 0, 16: 0, and 18: 0 were the most abundant acids in an unidentified gram-negative obligately anaerobic rod. The Butyrivibrio strains were divided into two major groups based on fatty acid and fatty aldehyde composition. One group contained branched-chain fatty acids and fatty aldehydes as major components, and the other had straight-chain ones. The former group contained anteiso-15: 0 fatty acid (FA) and anteiso-15: 0 aldehyde (ALD) as major components. In the latter group, a considerable variation was found in the relative amount of each fatty acid and fatty aldehyde. The major fatty components in Selenomonas were 16:1 FA, 14: 0 FA, 3-OH-14: 0 FA, and 16: 1 ALD. Lactobacillus contained 16: 0 FA, 16: 0 ALD, 16: 1 ALD, and 16: 1 FA as major components, and in Bifidobacterium they were 18: 1 (w-9) FA, 16: 0 FA, 14: 0 FA, and 18: 1 ALD. The major fatty acids of Propionibacterium were iso-15:0,16: 0, and iso-17: 0, and those of unidentified gram-positive chainforming anaerobic coccus were anteiso-15: 0 and anteiso-17: 0. Each of the nine different kinds of bacteria mentioned above, but not Butyrivibrio, formed a single dendrogram cluster according to their fatty acid and fatty aldehyde composition. The Butyrivibrio species were divided into three clusters. 389 
Many species of bacteria are abundantly present in rumens and they play important roles in the physiology and nutrition of ruminants. Since the anaerobic roll-tube method devised by HUNGATE (1) facilitated the isolation and cultivation of strictly anaerobic bacteria, significant progress has been made in the studies of microbial ecosystems in the rumen (2). But the kind and numbers of bacteria sampled in test tubes were limited (3), even when studied by the Hungate method.
Rumen bacteria are identified by their morphological and biochemical characteristics. Such methods, however, are cumbersome and time-consuming. At first ABEL and PETERSON (4) used fatty acid composition to identify and differentiate bacteria. Since then, the fatty acid composition of many bacterial species has been determined and it is now a useful criterion for bacterial taxonomy (5, 6).
Analysis of fatty acid is also useful in studies of the ecosystem in activated sludge (7) , and for the diagnosis of infections (8, 9) .
Since few reports (10, 11) have appeared on the fatty acid and fatty aldehyde composition of rumen bacteria, analyses of the composition of such bacteria are presented here. MATERIALS AND METHODS Isolation and identification of rumen bacteria. Rumen bacteria were isolated from bovine rumen contents by the anaerobic roll-tube method (1) using rumen fluid-glucose-cellobiose-agar (12). The purity, gram-stain reaction, morphology, aerobic growth, motility, and fermentation products of each isolate were tested. For the aerobic growth, trypticase soy agar (BBL) supplemented with defibrinated sheep blood (5 %, v f v), and M.R.S. medium (13) were used. After 5 day's incubation in rumen fluid broth (14) containing 0.5 % glucose, analysis of fermentation products of each isolate was carried out by gas-liquid chromatography (GLC). The procedure and the condition of GLC were as previously described (12). The determination of the genera of the bacteria was made according to the identification schemes of HUNGATE (2) and Bergey's Manual of Determinative Bacteriology (8th Ed.) (15).
Methanolysis and GLC. The organisms, except for Lachnospira were cultivated in Medium 10 (16) broth containing 0.5 % glucose in a deoxygenated C02 atmosphere at 37° for 72 hr. Lachnospira was grown in rumen fluid broth containing 0.5 % glucose. The cells were harvested by centrifugation, washed three times with 0.85 % saline, and freeze-dried.
The procedure of methanolysis and extraction was carried out as previously described (17). The freeze-dried cells obtained from 50 ml culture were suspended in methanol containing 5 % HCl in a screw-cap glass tube and heated at 105° for 3 hr. The resulting fatty acid methyl ester and the dimethylacetal derived from fatty aldehyde were extracted two times with hexane. The extract was evaporated to dryness in vacuo, and the residue was dissolved in acetonitrile and subjected to GLC.
GLC was performed with a 5710A gas chromatograph (Yokokawa Hewlett-Packard, Tokyo) equipped with a hydrogen-flame ionization detector. Samples were analyzed on a glass capillary column (0.28 mm x 30 m) coated with OV-101,, and maintained isothermally at 205°. Nitrogen was used as a carrier gas at a flow rate of 1.5 ml/min. Identification of fatty acids and fatty aldehydes. Fatty acid methyl esters and dimethylacetals were identified by equivalent chain length (ECL) value (18), by gas chromatographic and mass spectrometric (GC-MS) analyses, and by gas. chromatographic and mass fragmentographic (GC-MF) analyses. GC-MS and GC-MF analyses were performed on a GC-MS spectrometer (model YHP 5992B) equipped with a capillary interface (YHP 18947). Samples were injected into OV-101 column (0.28 mm >< 30 m) maintained at 200°. Helium gas was used as a carrier gas at a flow rate of 2 ml/min. The condition of the mass spectrometer was adjusted automatically by perfluorotributylamine.
Reference samples. The reference samples of straight, branched, unsaturated and 3-hydroxy fatty acid methyl esters were the same as those reported previously (18) . Also, the reference sample of hydroxy fatty acid methyl esters was a mixture of methyl esters of 2-OH-12: 0, 2-OH-14:0, 3-OH-14:0, and 16:0. The reference hydroxy fatty acid methyl esters were kindly supplied by Dr. I. Yano,. Department of Bacteriology, Niigata University, Niigata, Japan. The reference sample of dimethylacetal was a mixture of dimethylacetals of 12: 0 and 13: 0, and palmitic acid methyl ester. The dimethylacetals of 12: 0 and 13: 0 were obtained by the methanolysis of n-dodecyl aldehyde and n-tridecyl aldehyde (Tokyo Kasei Kogyo Co., Ltd., Tokyo), respectively. Numerical analysis. The similarity based on fatty acid and fatty aldehyde composition was calculated from the formula of BERGAN (19) using the programmed computer (YHP 2108A).
RESULTS AND DISCUSSION

Identification of rumen bacteria
Isolates from bovine rumen contents were characterized according to the procedure described above and the genus of each isolate was determined ( Table 1) . The Butyrivibrio species and Selenomonas species were divided into two groups based on the final metabolic products.
Identification of fatty acids and fatty aldehydes
Fatty acids and fatty aldehydes were primarily identified by the ECL values under analysis on an OV-101 column. The ECL values of fatty acid methyl esters were almost the same as those previously reported by MIYAGAWA and SUTo (18) . The ECL values of fatty acid methyl esters and dimethylacetals, calculated from their retention times, are shown in Table 2 . 2-Hydroxy fatty acids were not detected in any of the bacteria tested.
The fatty acids and fatty aldehydes identified from ECL values were further confirmed by GC-MS analyses. The mass spectra of the representative dimethylacetals are shown in Fig. 1 . The results are in agreement with those obtained previously by CHRtsTIANSEN et al. (20) . Molecular ion peaks did not occur, but m/e M-31 due to loss of OCH3 appeared. The base peak was m/e 75 (CH30-CH-OCH3)t
The peak m/e 71 which can result from the hydrocarbon ion + (C5H11)+, or which may have a vinyl ether structure (CH2=CH-CH=OCH3) was also high. Peaks of series 68+14n (for example m/e 68, m/e 82, m/e 96 etc.) were detected. The same results were obtained from analysis of dimethylacetals of 12: 0 and 13: 0 used as the references. Since the mass fragment ions of m/e 74 (21) , m/e 103 (17, 22) , and m/e 75 are stable and characteristic for non-hydroxy, 3-hydroxy fatty acid methyl esters, and dimethylacetal, respectively, the author applied MF technique to the identification of these substances in the samples. The peaks of these three kinds of compounds were distinguished from each other by this technique. The coexistence of a 3-hydroxy fatty acid methyl ester and a dimethylacetal in a peak could also be recognized. For example, a GC-mass fragmentogram of Lachnospira 2-3-9 strain is shown in Fig. 2 . It is suggested that the GC-MF analysis is simple and especially useful for the analysis of this kind of compound in a bacterium. Succinivibrio (Table 3) Straight-chain fatty acids were the major acids in the organisms, and evennumbered acids predominated over odd-numbered ones. The bacteria contained 18:1 (w-7), 16: 0, 14: 0, 16:1, and 3-OH-14: 0 as the most abundant fatty acids. Although VIVIANI (10) and IFKOVITS and RAGHEB (11) reported a rather large amount of branched fatty acids in Succinivibrio dextrinosolvens, such fatty acids could not be detected in the isolates. The cause for this discrepancy is not clear. Fatty aldehyde was not detected.
Lachnospira (Table 4) In the organisms, many even-numbered straight-chain fatty acids occurred, mainly 18: 0, 16: 0, and 18: 1 (w-7). There were also branched fatty acids with the carbon number ranging from C14: o to C18: o. 3-Hydroxy fatty acids and fatty aldehydes, which were not reported by VIVIANI (10) and IFKOVITS and RAGHEB (11), were also detected. Bacteroides (Table 4) Bacteroides species (2-4-10 and 3-4-17) from rumens consisted mainly of anteiso-15: 0 and 15: 0, and contained a rather large amount of 3-hydroxy acids. SHAH and CoLLINS (23) reported that Bacteroides ruminicola of ruminal origin contained 15: 0 fatty acid in large quantity. A little difference was found in fatty acid composition between the isolates and B. ruminicola var. ruminicola ATCC 19189 as the reference strain. But the isolates seem to be B. ruminicola because of plenty of branched fatty acids (18, 23) which characterize this organism. KAMIO et al. (31) . reported that the amount of aldehyde in B. ruminicola was very low. In the organisms tested the aldehyde was not detected.
Unidentified gram-negative anaerobic rod (Table 4) A rather large amount of branched fatty acids was contained in these organisms. Iso-16:0, anteiso-17: 0, 16:0, and 18:0 were the most abundant acids. Fatty aldehyde was not detected. The organisms produce only acetic acid as a final product of metabolism (Table 1) and so differ from Bacteroides species which produce succinic acid and acetic acid. A bacterium similar to these organisms has also been isolated from sewage digestor fluid (12), and their taxonomic position is a question to be solved in the future. Butyrivibrio (Table 5 and Table 6 ) Butyrivibrio species contained a variety of straight (saturated and unsaturated) and branched chain fatty acids. Fatty aldehydes were detected in the isolates in large quantities, but VIVIANI (10) and IFKOVITS and RAGHEB (I1) did not mention them in Butyrivibrio species. Although the fatty acid and fatty aldehyde components varied considerably among strains, the tested organisms were divided into two major groups based on their composition. As major components, one group (group 1) contained branched chain fatty acids and fatty aldehydes, and the other (group 2) had straight chains. Nine strains (4U17, 1-2-13, 1-11, 3-8, 7-I5, 4U9, 1-4-11, 1-8, and 1-7) belonged to group 1, and twelve strains (3U8, 4-6, 7-19, 1-2-8, 4-3-4, 2U26, 3U7, 7S-14-3, 2J33, 1S-4, 7-8, and 4-4-27) belonged to group 2. Group 1 contained anteiso-15: 0 FA and anteiso-15: 0 ALD in relatively large quantities. Some strains (4U17, 1-2-13, 1-11, 3-8, and 7-15) had iso-14:0 ALD, and some strains (4U9, 1-4-11, 1-8, and 1-7) had iso-16:0 FA and anteiso-17 : 0 FA in relatively large amounts. In group 2, a considerable variation was found in the relative amounts of fatty acids and fatty aldehydes. That is, some strains (3U8, 4-6, 7-19, and 1-2-8) contained 16: 0 FA, 18: 1 ALD, and 16: 0 ALD. The 4-3-4 strain contained 16:0 FA, 16: 0 ALD, and iso-17: 0 FA. Some strains (2U26, 3U7, 7S-14-3, 2J33, 1S-4, and 7-8) had 15: 0 FA, 16: 0 FA, iso-15: 0 FA, iso-15: 0 ALD, and/or 14: 0 FA. And one strain (4-4-27) contained 16: 0 FA, 14: 0 FA, 16:1 ALD, 18:1 ALD, and 15: 0 FA. This diversity of fatty acid and fatty aldehyde composition suggests that the genus Butyrivibrio is a heterogeneous bacterial taxon.
Hydoxy fatty acids did not occur in all the isolates. They are generally found in the lipopolysaccharide (LPS) of most gram-negative bacteria (24). It has been reported that But yrivibrio fcbrisolvens seems to be a gram-positive bacterium as indicated by the presence of lipoteichoic acid (25), a glycerol teichoic acid (26) , and by interpretation of ultrastructure investigation (27) . The absence of hydroxy fatty acid of the tested bacteria is considered to support this observation.
Selenomonas (Table 7) Although Selenomonas species were divided into two groups based on the final products (Table 1) , the fatty acid composition was similar in all species. The main components of the bacteria, including Selenomonas ruminantium ATCC 12561, were 16: 1 FA, 14: 0 FA, 3-OH-14: 0 FA, and 16: 1 ALD. VIVIANI (10) and IFKOVITS and RAGHEB (I1) reported that Selenomonas ruminantium contained branched fatty acids. But these were not found in the isolates.
KAMI0 et al. (28) analyzed the fatty acid composition of lipid A, a constituent of LPS from S. ruminantium, and reported that a rather large amount of 3-OH-13: 0 and 3-OH-14: 0 was present in lipid A of the bacterium. The present study demonstrated that all Selenomonas strains tested contained these 3-hydroxy fatty acids in large quantities. These acids, therefore, are presumed to be of lipid A origin. Gram positive anaerobic bacteria (Table 8) Hydroxy fatty acids were not detected in all strains of the gram-positive bacteria examined.
Even-numbered saturated and unsaturated straight fatty acids were largely contained in the isolates, as VEERKAMP (29) reported for the fatty acid composition of Bifidobacterium and Lactobacillus strains. In the isolates of this group, especially, in Lactobacillus species, a rather large amount of fatty aldehydes were found. The isolated Lactobacillus species had 16: 0 FA, 16: 0 ALD, 16:1 ALD, and 16:1 FA as major components, and the Bifidobacterium species had 18: 1 (w-9) FA, 16: 0 FA, 14:0 FA, and 18: 1 ALD as major components. VEERKAMP also described that Bifidobacterium strains contained 18: 0 in large amounts but Lactobacillus strains contained only small amounts. The author got the same results in the organisms tested.
UCHIDA and MOGI (30) obtained useful information on bacterial relationships Table 7 . Cellular fatty acid and fatty with regard to unsaturated fatty acid biosynthesis. Octadecenoic acid in the Bifidobacterium species tested was composed of oleic acid, whereas that in the Lactobacillus species tested was cis-vaccenic acid. Both acids are easily distinguished from each other by their ECL. This difference of double-bond position in the acids was presumed to serve as a useful taxonomic criterion.
In the Lactobacillus species tested, cyclopropane fatty acids, which were found in ordinary Lactobacillus species (29) , were not detected. But fatty aldehydes, which KAMI0 et al. (31) reported as absent in Lactobacillus species of the facultative anaerobic type, occurred in the isolated strains in relatively large amounts. The facts support the idea that the Lactobacillus species examined are obligately anaerobic. It had been reported that anaerobic Lactobacillus strains were isolated from the rumen (32, 33) and esophageal sac (34) of Microtus montebelli.
The most abundant fatty acid in Propionibacterium species tested was iso-VOL. 28 15: 0. Moss et al. (35) reported that Propionibacterium species were separated into two groups based on a comparison of the relative abundance of C15-saturated branched-chain acid, namely, anteiso-1 5: 0-predominator (group 1) and iso-15: 0-predominator (group 2). 5o the isolates belong to group 2 in this category. Other major acids were 16: 0 and iso-17: 0, and branched fatty aldehydes were also contained in a small quantities (1.4 to 3.6 %). Unidentified gram-positive chain-forming coccus resembled morphologically Peptostreptococcus rather than Peptococcus. These organisms contained many branched fatty acids, but contained few fatty aldehydes. The most abundant acids were anteiso-15:0 and anteiso-17:0. In addition to the fact that the bacteria produce lactic acid as the end product (Table 1) , the result of fatty acid composition shows that they resemble a species of Peptococcus rather than a Peptostreptococcus species (36) . The identification of the organisms needs further investigation.
Branched-chain, volatile fatty acids (VFAs) are nutritional requirements for several ruminant bacteria. It is known that these bacteria can utilize VFAs added to the medium as a precursor of biosynthesis of long-chain fatty acids and fatty aldehydes (37) (38) (39) (40) . The tested bacteria are likely to have utilized the VFAs in Medium 10 for biosynthesis of the acids and aldehydes.
It has been reported that the main aldehydes of bacterial fraction (41) 
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of rumen bacteria based on their fatty acid and fatty aldehyde of fatty aldehydes in plasmalogen-type lipids from rumen bacteria (42, 43) , the bacteria which are mainly composed of 16: 0 or branched 15: 0 are unexpectedly rare. In the present study, 16: 0 ALD was found in Lactobacillus, Lachnospira, Butyrivibrio, and Selenomonas, and branched 15: 0 ALD occurred in several strains by Butyrivibrio, and in Lactobacillus, Propionibacterium, and Lachnospira. It is a question in the future to what degree these bacteria contribute to the aldehyde composition of the bacterial fraction of rumen digesta.
Numerical analysis
After calculating the correlation coefficient among the representative bacteria by Bergan's formula, a dendrogram was made based on their fatty acid and fatty aldehyde composition (Fig. 3) . The ruminant strains of Butyrivibrio, in which the greatest variation in acid and aldehyde composition occurred, were divided finally into three clusters, and group 2 was separated into two clusters. But, each of the other nine kinds of bacteria belonging to other genera formed a single cluster. Therefore, calculation of the correlation coefficient seems to be very useful to classify rumen bacteria.
A variety of bacteria besides those mentioned above inhabit the rumen. The author is investigating them especially with regard to their cellular fatty acid and aldehyde composition.
The author is grateful to Prof. T. Suto, Nippon Veterinary and Zootechnical College, for his encouragement and for critical reading of the manuscript.
